The LHCb experiment has made several measurements in b → s transitions which indicate tensions with the Standard Model predictions. Assuming the source of these tensions to be new physics, we present new global fits to all Wilson coefficients which can effectively receive beyond the Standard Model contributions. While the theoretically clean ratios R K ( * ) which are sensitive to lepton flavour non-universality may unambiguously establish lepton nonuniversal new physics in the near future, most of the other tensions with the SM in the b → s data, in particular in the angular observables of the B → K * µµ decay and in the branching ratio of the B s → φµµ decay, depend on the estimates of non-factorisable power corrections. Therefore, we also analyse the dependence of the new global fit on these corrections.
Introduction
In the past few years, experimental measurements on several b → s transitions have indicated tensions with the Standard Model (SM) predictions at the level of ∼ 2 − 3σ significance. The first and most notable tension was observed in 2013 in the angular observable P 5 of the B → K * µ + µ − decay in the [4.30, 8 .68]
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GeV
2 bin at LHCb [1] with 1 fb −1 of data and was confirmed by the same experiment in finer bins with 3 fb −1 of data [2] . The branching ratio of the B s → φµ + µ − decay was also measured by LHCb to have ∼ 3σ tension with the SM prediction [3] . Other tensions with a significance of 2.2 − 2.6σ have been found in the ratios R K and R K * by LHCb [4, 5] . If confirmed they would establish the breaking of lepton flavour universality. A very promising feature of these tensions is that they can
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all be explained by a common new physics (NP) contribution [6] [7] [8] [9] [10] [11] [12] [13] which enforces the idea that the present anomalies in the b → s data are due to NP. The P 5 observable has also been measured by the Belle, ATLAS and CMS experiments [14] [15] [16] with larger experimental errors. The confirmation of the anomaly by the former two experiments makes it most unlikely that the tension stems from statistical fluctuations. It is more plausible that the tension is due to NP effects or underestimated hadronic contributions [17] [18] [19] [20] [21] . The significance of the tensions in the angular observables such as P 5 depends on the estimation of the size of the hadronic uncertainties which has not yet been completely resolved [18, [22] [23] [24] . The dominant hadronic effects in the B → K * + − decay is due to the matrix elements of the electromagnetic (O 7 ) and the semileptonic operators (O 9,10 ) described in terms of the form factors which are under rather good control. However, another source of the hadronic contributions is from the non-local effects arising from the matrix elements of the four-quark operators (O 1−6 ) and the chromomagnetic operator (O 8 ). The leading contributions at low q 2 can be calculated within the QCD factorisation (QCDf) approach [25, 26] , but the subleading nonfactorisable power corrections are difficult to estimate. Usually, the size of these corrections is assumed to be a small factor (10-20%) of the leading QCDf amplitude.
Recently a number of methods have been suggested to estimate the power corrections using the light-cone sum rule (LCSR) method [27] or considering the analyticity structure of the amplitudes [28] . An empirical model has also been proposed describing the hadronic resonances via Breit-Wigner amplitudes [29] . The approach of Ref. [28] which builds upon the work of Refs. [27, 30] offers the most promising outlook to give a precise estimate and hence clarify whether the source of the tensions in B → K * µ + µ − is due to NP contributions or hadronic effects.
There is also another approach to this issue presented in the literature: One derives a general ansatz for the power corrections compatible with their analyticity structure. The unknown parameters of this ansatz are then fitted to the relevant data on B → K * µ + µ − and B → K * γ [31] [32] [33] . With the help of Wilks' theorem, it is then possible to make a statistical comparison of the hadronic parameters fit and the NP fit of the Wilson coefficients.
In contrast, R K and R K * are theoretically very clean observables since the hadronic contributions cancel out in the ratios [34, 35] . As a consequence, in case further experimental results confirm the observed tensions in the ratios, it can be unequivocally inferred that these anomalies are due to NP. The different status of the observables with respect to the hadronic corrections suggests separate studies of these two sets of observables. In Ref. [13] it has been shown that the NP analyses of these two sets are less coherent than often stated, but compatible with each other at least at the 2σ level.
It was shown in Ref. [13] that even with a small part of the 50 fb −1 dataset of the LHCb upgrade, R K and R K * can establish lepton flavour universality violating NP in the near future, but more such theoretically clean ratios are needed to differentiate between the various NP hypotheses. Moreover, in case NP is established via the ratios, it also indirectly enforces the new physics explanation of the anomalies in the B → K * µ + µ − and B s → φµ + µ − decays. Keeping these issues in mind, we present our new global fits of all b → s data including the ratios R K and R K * in the following. Since we are allowing for lepton non-universal NP effects in the Wilson coefficients and also due to the theoretical cleanliness of the R K ( * ) ratios compared to the other b → s data, it is expected that the ratios are the dominating observables for the NP significance in the global fit.
In a model-independent analysis, there is a priori no reason to assume that the b → s + − anomalies are due to only one type of NP contribution. Thus, we have performed multi-dimensional fits where all the relevant Wilson coefficients are taken into account.
BR(B
s → µ + µ − )
and scalar operators
A complete NP scenario may include several new particles and can have extended Higgs sector, affecting the Wilson coefficients C 7···10 and involving scalar and pseudoscalar contributions. Hence within a modelindependent analysis it is reasonable to include all relevant Wilson coefficients in the global fit. The meaning of relevance in this context will be clarified below 1 . The NP contributions to the scalar and pseudoscalar Wilson coefficients C Q 1,2 (see e.g. Ref. [36] for the definition of the corresponding operators) are often assumed to be severely constrained from the data on BR(B s → µ + µ − ). Although this is true in many NP scenarios, in general, there is a degeneracy between C 10 and C Q 2 allowing for large contributions to these Wilson coefficients.
Varying C Q 1 , C Q 2 and C 10 independently, the fit to only BR(B s → µ + µ − ), leads to the results given in where two-dimensional projections of the three operator fits are shown. Although C Q 1 gets strongly constrained to values between ±0.2, the Wilson coefficients C Q 2 and C 10 can receive large contributions as they cancel out each other. We have also studied the case where the relation C Q 1 = −C Q 2 (≡ C Q ) holds. It can be derived for example in the SMEFT framework with a SM Higgs [37] . The findings can be seen in Fig. 2 . The degeneracy among C 10 and C Q 2 is removed and we have strong constraints both for the scalar and pseudoscalar coefficients. In fact, the scalar and pseudoscalar contributions are limited between ±0.2, but δC 10 can still take large values.
Consequently, the branching ratio of the B s → µ + µ − cannot be used for the purpose of neglecting the scalar and pseudoscalar operators and of simultaneously putting strong constraints on C 10 in generic NP scenarios (see also Refs. [38, 39] 
Global fits with all relevant operators
We have expanded our study to include NP in the global fit to all b → s + − data (see Ref. [40] for the considered observables) from all the relevant Wilson coefficients C 7 , C 8 , C 9 , C 10 , C Q 1 , C Q 2 (assuming lepton flavours to be = e, µ) which, when considering their chirality-flipped counterparts, results in 20 Wilson coefficients. The theoretical correlations and errors in our global fits are calculated by SuperIso v4.0 [41, 42] . As a starting point, we have added a 10% error to the non-factorisable QCDf amplitude which in many cases (depending on the observable) represents not more than a third of the complete QCDf amplitude.
In a first step, one should consider fits to one single Wilson coefficient at a time. In Ref. [40] we have found that the most favoured scenario in the one-dimensional fit is when there is NP in C µ 9 with a significance of 5.8σ. The best fit value shows about 25% reduction in this Wilson coefficient compared to one in the SM. In the chiral basis (see Ref. [13] for the precise definition) the scenario with NP in C µ LL (indicating left-handed lepton and quark currents) has also a large significance of 5.8σ. These results are in agreement with several recent fits with similar sets of observables (see e.g. Refs. [8, 9] ).
In addition, we have made a Wilks' test and considered a NP contribution only in C Table 1 where the last column corresponds to the improvement in comparison to the previous set of Wilson coefficients, obtained using the Wilks' theorem. The best fit values of the one-and the multi-dimensional fits can be found in Ref. [40] . The SM pull decreases with the number of Wilson coefficients which is due to the increase in the number of degrees of freedom. If there is no real improvement of the fit, the increase of the number of degrees of freedom due to a larger number of Wilson coefficients results in a reduced pull with the SM. This is confirmed by the Wilks' test, which explicitly shows that adding Wilson coefficients to the "C µ 9
only" set does not bring a significant improvement.
Since it is very likely that a UV-complete NP model contains several new particles influencing various Wilson coefficients, we have varied all the 20 Wilson coefficients simultaneously. The best fit values are given in Table 2 . Several Wilson coefficients are only loosely constrained. The reason for this is the large number of free parameters relative to the number of observables in the fit, but also the lack of observables with significant sensitivity to these Wilson coefficients.
Potentially large contributions to the electron Wilson coefficient are indicated by the best fit values. This is a remarkable phenomenon since the very few measurements of electron modes are much more SM-like than the analogous muon contributions. The observables R K ( * ) are the driving force for this. In particular, missing experimental results on B s → e + e − leads to large contribution in the electron scalar coefficients. As a consequence, these coefficients are undetermined in our 20-dimensional fit while the muon scalar and pseudoscalar contributions can only have very small values. Finally, we have found that the best fit value of C µ 9 is even smaller than the one in the one-dimensional fit, namely with a 35% reduction compared to its SM value.
A comment about the number of degrees of freedom is in order here. As can be seen from Table 2 , C e ( ) Q 1, 2 are "undetermined" due to their very large uncertainties. We checked explicitly how the variation of order one in each Wilson coefficient affects the χ 2 , which confirmed that the four C e ( ) Q 1,2 coefficients have a negligible impact on the fit, i.e. for each coefficient |δC i | ∼ 1 implies |δχ 2 | < 1. Therefore, one can define an effective number of degrees of freedom in which the insensitive coefficients are not counted 2 . The results with "relevant parameters only" are shown in parentheses in Tables 1 2 We emphasise here that there is not a generally accepted statistical method for removing irrelevant parameters from the fit. −0.13 ± 1.86 undetermined −0.05 ± 0.58 undetermined
0.01 ± 1.87 undetermined −0.18 ± 0.62 undetermined 
= +C e Q2 ) −0.15 ± 0.13 undetermined Table 3 : Best fit values for the 16 operator global fit to the b → s data, considering the SMEFT relations between C Q 1 and C Q 2 and assuming 10% error for the power corrections. Pull SM in the parenthesis corresponds to the effective number of degrees of freedom (14) .
As mentioned above, the reason why the four parameters C e ( ) Q 1, 2 are undetermined is mainly due to the lack of observables in our present global fits which could be sensitive to these parameters. It is not ruled out that in a new global fit with new observables those parameters become relevant again. There is another question within a model-independent analysis: What happens to the parameters which are zero in the yet unknown UV-theory.
In this case, we should observe that within the modelindependent analysis these parameters are shown to be zero. Also, a Wilks' test should demonstrate that these parameters do not improve the fit at all. In such a situation it also makes sense to remove these parameters from the fit.
We have also made a model-independent fit with all Wilson coefficients under the SMEFT-relations C . The results are presented in Table 3 . Again the electronic scalar operators are undetermined. The SM pull of the global fit with all relevant parameters is just the same as in the previous case.
Finally, we have analysed the dependence of the global fit on the precise estimate of the non-factorisable power correction. As discussed in Ref. [23] , a 20% estimation of the non-factorisable power correction leads to an error of maximum 1.5%, 3%, 6% respectively on the observable level in the three angular observables S 3 , S 4 and S 5 and the 60% error estimation in this framework leads to 17%-20% error in these three observables. Thus, changing the power correction error between 5% and 20% we have found no real changes in the best fit values of the various parameters and in the SM pull as expected. In Table 4 , we have varied the power correction error between 30, 60 and 100%. Surprisingly, only the 100% choice leads to a significant change in the SM pull. This reflects the fact that the theoretically clean ratios dominate the NP significance in the global fit.
